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AERODYNAMIC aND HYDRODYNAMIC TESTS OF A FAMILY OF MODZELS

OF PLYING-BOAT HULLS DERIVED FROM A STREAMLINE BODY -~
NACA MODEL 84 SERIES

By John 3. Parkinson, Roland E. Olson,
Bugene C. Draley, and Arvo A. Luoma

SUMEARY

L series of relateda forms of flying-boat hulls repre-
senting varicus degrees of compromise between aerody-
nemiec end hrdrodrnemic requirements was tested in NACA
tank 1 acd in. the FACA 8-foot high-spaed tunnel. The
purpose Of the investlgstion was to provide information
regarding the peaelties in water performance resulting
frem further aerofynamic refinement and as a corollary,
to provide informatio. regarding the penalties in range
or pay load resulting from the retention of certain de-
sirable hydrodynamic characbt:ristics. The information
skhould fora a basis fsr over-all improvements in hull
form.

The related models of %he seriesg were based on an
arbitrary streamline body of revolution. The variations
in form were developed in such a way as to show clearly
the effect of coaventional departures from tiae ideal
streamline body made in the design of flying-boat hulls.

The models were 114.85 inches long and the diameter
of the basic streamlins form was 15.92 inches. In the
hydrodynamic tests, resistance and trim or trimming mo-~
mcnts were measured at all speeds and loads ol intérest
and the sprav patterns were photographed. In tke aero-~
dynamic tests, lift, drag, and pitching moment were meas-
ured with transition fixed at; 5 percent of the length, at
speeds up to 420 miles per hour, and at Reynolds numbers
wp to 30,000,000.

The results of the investigation are summarized as
follows:
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(1) Effect of Va%ying %e%%§t of bow

Increasing the height of the bow by warping tho
form decreases the trim and increases the resistance
at low speeds. A low bow runs cleaner in smooth wa~
ter than a high bow of the same length because of
the increased fere-and-aft curvature of the high bow.
Increasing the height of 2 well-faired bow by warp-
ing the form has only a small adverse effect on the
aerodynamic drag.

(2) Effcct of varying height of stern

Increasing tho heigant of the stern by warping
the basic forn but holding the afterbody position
fixed. increases resistance and trim at speeds below
the hump, docrcases the hump speed, and does not
affect the value or the maximum resistance at tho
hump. A low stern runs awash and requires a higher
position of the tail surfaces relative to the dock,
Increasing tho height of the stern by warping the
basic form but heclding the afterbody position fixed
has = large adverse effect on the aerodynamic drag;
varying the height of the stern of the streamline
body alone has no adverss effect on the drag but in-
creases the angle of minimum drag as would be ex-
pected.

(3) Effect of increasing angle of dead rise at bow -

Increasing the angle of dead rise at the bow by
dropping the keel line reduces only slightly the re-
sistance at low speeds but results in a large in-
provement in cleanness of running. The modification
is out of the water at the hump speed. and for a well-
faired form has little or no effect on the aerody-
namic drag,

(4) Effect of decreasing angle of dead rise en after-
body

Decreasing the angle cf dead rise on tha after-
body decreases the trim at speeds up to and includ-
ing the hump speed. The decrease in trim reduces
the resistance at these speeds and tends to increase
the clearance of the tail extension. *



(5) Effect of increasing depth of step

fncreasing the depth of the step by raising the
afterbody parallel to itself has only a small effect
on resistance and spray at low speeds and decreases
resistance at planing speeds. Too shallow a step
results in a violent instability at high speeds that
I s most pronounced when the afterbody keel approaches
the horizontal. Increasing the depth of step from
2.5 to 4.4 percent of the beam increases the aerody-
namic drag only 2 percent.

(6) Effect of increasing angle of afterbody keel

Increasing the angle of afterbody keel results in
large increases in trim and resistance at the hump
spesd, most of the increase in resistance being at-
tributed to the increase in trim; it lowers the re-
sistance at planing speeds. 4 low angle of afterbody
keel results in the cleansst running at low speeds.
Increasing the angle of afterbody keel increases the
trim at which the violent instability resulting from
too shallow a step will be encountered.

(7)Y BEffect of addition of chine flare

Chine flare added. exterior to the straight bot-
tom sections of the forebody has only a small ef-
fect on the resistance and trimup to and including
the hump speed dut results in a marked improvement in
cleanness of running. Chine flare added to the after-
bedy reduces the resistance at the hump speed and
slightly increases the resistance at planing speeds

(8) Effect of addition of third planing surface

The addition of a third planing surface on the
model with the lowest stern has a negligible effect
on the trim and resistance -~ a remarkable result be-
cause the stern sections without the planing surface
are circular and heavily wetted. The addition of the
planing surface somewhat reduces the wetting of the
stern.

(9) Bffect of rounded chines at bow
Bounding the chines at the bow results in very

poor spray characteristics in smooth water and proba-
bly would be impracticable In rough water.



(10) Design charts

The results ~f general free-to-trim and fixed-
trim tests of a model incorporating the most promis-
ing of the forms testod are presented in the form of
design charts for estimating static water lines and
take- off performance, The aerodynamic data, because
of their unique character, are presented ccmpletely
for use in estimating the effect of the variables
invastigatsd on aerodynamic performance.

It 2s concluded that the aerodynamic drag of a plan-
ing type of hull need not be more than 25 percent greater
than that of the streamline body from which it is derived,
This difference might be reduccd by the development of a
fcrm of afterbody that has lass influence on the flow than
does the conventional pointed type.

INTRODUCIION

The aercdynamic drag Cf hulls is an important factor
in the design of Long-range flying becats, not only be-
cause of 1ts effect o¢n speed but also because of its in-
fluence on pay load, which is more important, Because of
the long distance involved in transoceanic routes, the fuel
load must De a large part c¢f the useful load carried. The
pay load on such fiigkts is small and- its size is largely
dependent on tke magnitude of the fuel load, even in cases
of the largest craft now built or contemplated. Under
these conditisns of c¢cperation, the weight of the fuel re-
quired for power to overccome the drag of the hull is large
in terms of pay load. The further development of the plan-.
ing type of hull. for long-range flying boats, therefore,
should be toward forms that combine the lewest possible
aerodynamic drag with satisfactory hydrodynamic qualities,

The first step by the WACa in furthering this develesp-~
ment was the investigation Of two forms of kull in which
the fore and afbter planing surfaces were shaped to follow
as closely as possivle an arbitrary strzamliine body derived
from a sclida of revolution (reference 1). The forms were
generally satisfactory in the tank although they showed
some evidence of "gsticking" and high-water resistamce at
high speeds and. some "dirtiness" at low speeds, Their
aerodynamic drag was low enougzh, however, to warrant the
acceptance of a certain degree of poor water performance.
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It was evident from the tank tests of these models
that the limitations on reductions in aerodynamic drag .
imnosed by the hydrcdynamic requirements were not definite
enough to provide simple guides for the most favorable
compromise, it was therefore decided to obtain hydrody-
namic and aerodynamic information on a series of related
forms of hull representing various degrees of ccmpromise
between the reguirements in the air and on the water
These data would make it possible to obtain an idea of
the cost in water performance to be paid for further aero-
dynamic refinement and of the cost in range or pay load
to be paid for certain desirable hydrodynamic character-
istics and would be further guides for over-all improve-
ments in form. The NACA nodel 84 series of hulls was de-
signed for this purpose,

The models of the series were made generally simi-
lar to model 74-A (reference 1) except that a V-section
was adopted for the planing surfaces instead of the sec-
tion with rounded keel incorporated in that model. The
use of the V-section resulted IN slightly greater departure
from the form of tae basic streamline body than was the
case with the earlier zodels but seemed to be preferable
for operation in waves. In the design of the series, the
plan forms of the streamline body and the planing surfaces
were held constant. The variations of form included In
the scope of the investigation are as follows:

Height of bow

Height of stern

Angle of dead rise at bow

Angle of dead rise on afterbody

Depth of step

Angle of afterbody keel

Additien of chine flare

Addition of third planing surface on tail
Rounding of chines at bow

Deptih of streamline body

The models of the series were tested in ¥ACA tank 1
to obtain tha effects of the variations in form on the wa-
ter resistance, flow, and general behavicr. The aerodynam-
ic tests were made in the NACA 8- foot high-spseed tunnel
and provided an unusual opportunity to obtain the effects
on the aerodynamic forces at high values of the Reynolds
number. The tests in both the tank and the wind tunnel
were made with models of the hull alone and hence do not
include the effects of interferences between the hull and
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the aerodynamic surfaces or the possible effects of the
changes in form on the dynamic stability.

DESCRIPTION OF MODELS

The lines of the NACA model 84 series, illustrating
the mutual relationships ¢f the variations in form, are
shown in figure 1., ZEnlarged body plans showing the shape
of the transverse sections in detail are given in figure 2.
The numsrical values of the offsets used in the construc-
tion of the models arc included in Gables I to III for
use in reproducing the detailed form of the sections.

The basic forms in all cases were derived. from the
arbitrary body of revolution, having a fineness ratio of
7.22 and maximum ordinate at 30 percent of the length, de-
scribe& in reference I. Because of the anticipated use
of supercharged hulls for long-range seaplanes, the basic
forms were considered to represent tho circular shell un-
der internal pressurc and the modifications for water per-
formance were, in general, made exterior to them.

The basic cross section of the planing surfaces is a
straight V having an angle of dszad rise of 20" . The
sides of the V wore drawn tangent to or as close to the
circular sccticn of the basic form as ths proper longitudi-
nal form of tke planing surfaces would allow. Typical re-
lationships between the sectionsg of tho planing surfaces
and those of the basic forms are indicated on the body
plans.

In all the models, the axis of the body of revolution
was taken as the base line, The variations in height of
bow and in height of stern were obtained by bending tho
axis (center of radii) vertically upward from station 10,
which is at the maximum ordinate, toward the ends. In tbe
variations of the bow, tho sections of bows 1, 2, and 3 and
the sections of bows 2B and 3B are the same, the differ-
ences being in their vertical position. The axis of bow 1
is herizontal and coincides with the base line. The chines
at the bow are lecated in a plane passing through the axis
of revolution of the basic form. The curvature of the
axes of bows 3 and 3B is such as to give a horizontal deck
line forward. The heights of the axes of bows 2 and 2B
are one-half those of bows 3 and 3B; thus the variations
in height of bow sections in the series are linear. In
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the variations of the stern, the height of the basic form
vas changed but that of the planing surfaces was held con-
stant. The axis of stern 1 is horizontal and coincides
with the base lice. Tiis stern was not included in the
hull models because the tail obviously is too low for a
suitable support for tail surfsces and for proper location
of the after planing surface exterior to the basic form.
The curvature of the axis of the basic form of stern 3 is
such as to give 2 horizontal desk line aft. The heights
of the axes of sterns 2 anil 2C are one-half those of

stern 3 and the height of the axis of stern 4 1S 1.5 times
those of stern 3; thus the wvariations in the height of the
bagic form aft and in the verticel distance between the
basic form and the after plzning surface are linear.

In bows 1, 2, and 3, the V-boettom sections are tan-
gent t.o the 'b'a.sic streamlln form and have a constant
angle of dead rise of 20° These sections result in a
developable bouonlsurface and a minimum departure from
the basic fora for V-.sections exterior to i4t. In bows 2B
and 3B, the original keel line was dropped to give & pro-
greSS|ve |ncrease in ~angle of dead rise from 20° at sta-
tion 10 to 60° at the 'bow. This modification resul%s in
greater departure from the basic fora but provides a
sharper entrance for the immersed portion of the hull.

The chine flare is exterior to and tangent to the
straight V-gections and therefore slightly seduces the
effective dead rise. Forward of station 10, its width is
one-fifth the half-breadth and It is curved to be horizon-
tal at the chino. Aft of station 10, the width of the
chine flare IS arbitrarily reduced to 18 percent of the
half-breadth at the step and the angle of the chine is
slightly avove the horizontal.. In this region, the width
inboard of the flare is constant. On the afterbody, the
form of the flare at each station is the same as at the
step, The models were originally made with the flare,
which was removed during the tank tests by planing it off

The models of the ssries ware made with a common
depth of step of 2.58 percent of the beam at the step and
an angle of afterbody keel of 5, 50° These values re-
sulted in the anighest position of the afterbodv planing
surface for stern 2 without cutting into the basic form
aft and represented the lower limits of depth and angle
used in practice. Higher values were obtained with re-
movable blocks fitted in stern 4, which had sufficient
clearance betwesen the highest afterbody position and the



basic form to avoid cutting into it. Five blocks were
provided as follaws:

Block Depth of step, percent Angle of afterbody
4D 3 .55 5.50
AT 4.52 5.50
4F 2.58 7.25
4G 2,58 9.00

Block 4 was made with chine flare, which was subse-
quently removed. For simplicity, the remaining blocks
were made with straight V-gections and the models were
tasted with chine flare on the forebody only,

An additional block, block 4H, having straight V-
sections with Jbhe angle of dead rise decreased frcm 20° at
the step to 0° at the stern post was provided for stern 4.
In this bleck, the depth c¢f step was 2.58 percent of the
beam at the step and the angle of afterbody keel was 7.256

Stern 2C is the same as stern 2 except that the shape
«f the basic form was altered to provide a third planing
surface under. the tail for cleaner running during immer-
sion at low speeds. The surface has straight V-sections
with 20° angle of dead rise and fades out abave the after-
body planing surface in the usual manner. In this case,
the surface cuts into that of tho basic farm; it is un-
likely that this part of the hull would be supercharged.
Stern 2 was chosen for this modification because of the
additional dirtiness expected with the low tail, which
would not be so marked INn the case of the higher tails.

Bow 14 is the same as bow 1 except that the chines
are rounded forward of station 7 using an expanding radius
as shown on the body plan (fig. 2(a)). This modification
was applied only to the low bow because the hydrodynamic
effect of the rounded chines would be less marked in the
case of the higher bows.

Figure 3 shows profiles of the models tested in the
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wind tunnel in the present; investigation. ¥ose 1 and tail
1 reproduce the body of revolution frcm which the models
of the series were derived and the ccmbination represents
the streamline body of lowest drag with which the drags of
the hull models may be compared, |In the second form, the
depth of the original body is arbitrarily increased 50
percent by inserting a uniform spacer at the axis of revo-
lution. This modification does not affect the hydrodynamic
chsracteristics and therefore was not included in the tank
series. The rest of the forms investigated are the same
as those tested in the tank.

The models of the series are identified in the data
from the tests according to table IV. The models were
made of laminated white pine In sections, divided verti-
cally at station 10 (maximum beam) and horizontally along
the axes of the basic forms. The bow and the stern sec-
tions were bolted together internally and the top and bot-
tem halves were held together by through bolts; the re-
cesses for the nuts of these bolts were filled with beeswax
and plasticine. This arrangement provided the variety of
forms described with the minimum c¢f component parts and a
means of increasing tke depth of any model by spacers, as
in model 84-1,

For the tank tests, the models were filled by several
coats of thinned varnish and finished with three coats of
grey pigmented varnish rubbed between coats. Special care
was taken to prevent swelling of the pieces because of
moisture, and the slight ledges at the joints found on as-
sembly were satisfactorily faired with beeswax.

Fer the aerodynamic tests, from 14 to 20 coats of
lacquer were sprayed on the models and the lacquer was
sanded between coats. The final coat of lacquer was fin-
ished by sanding in the direction of air flow with Yo.
400 carborundum paper until the models were aerodynamic-
ally smooth. Unfortunately, the photographs indicate a
degree of irregularity and roughness that did not exist.
This appearance of roughness was caused by the variation
in shades of tho filler and the paint that; were used.

HYDRODYWAMIC TESTS

Apparatus and Procedure

NACA tank 3, in which the models were towed, is de-
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scribed in refefence 2. The most comprehensive description
of the present equipment and of methods of testing may be
found in reference 3.

Most of the variations in the series are of such a
nature that the parts changed are clear of the water except
at lcw speeds when the models are deeply immersed. At these
speeds, the water forces predominate and the trim is not
greatly influenced by the position of the center of gravity
or by external moments applied by the propellers and aero-
dynamic surfaces. It was therefore considered adequate to
investigate the effect of ths variations by general free-to-
trim tests up to the speed at which the afterbody planing
surface was first clear or the water. This procedure pro-
vided representative information on resistance and flow
about the models at trims corresponding to those encoun-
terod in practice. At the same time it greatly reduced the
testing required to sbtain similar infornation by general
tests at fixed trim,

In the case of variations in tke form that are nor-
mally wetted at planing speeds, the usual general tests at
fixed trim were made over a wide range of speed, load, and
trim to determine She effect of the variations in form on
the resistance and behavior at high speeds and in addition
to provide data for design purposes, All the models were
tested by the gensral froee-to~trim method at low speeds and
models 84-AF, 84-$1?.-1, 84-E¥-3, and 84-EF-4 were tested by
tha general fixed-trim method.

In the free-to-trimtests, tho model. was free to pivot
about an assumed center of gravity and was balanced about
this point. For convenience, the pivot was located above
the deck line on the assumption that small changes in ver-
tical position would have small effect on the trim. Model
84-EF, having the low bow and high stern, was tested first
with three longitudinal positions of the center of gravity.
From the results of these tests, the position 7,20 inchsas
forward of the step was chosen as a suitable common posi-
tion for all the models and as the center of moments for
the tests at fixed trim,

The appearancc 0f excessive dirtiness and epray at the
bow at low speeds was assumed to indicate the maximum prac-
tical load and was found to be that corresponding to a load
coefficient of 0.8 at the hump speed. It was not consid-
ered advisable to go to higher load coefficients with the
length-bean ratio used in the series even in the case of
the higher bows.
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In jundging the effects of the variations on water
performance, the flow and spray were considered the most
important hydrodynamic data because of the small effect ot
most of the variations in form on the resistance at the
hump speed. A large number of photographs of the spray
patterns were obtained. to record the effect on the spray
‘pattern of the changes in form and to aid in determining
suitable compromises with the aerodynamic properties as
determined. in the wind-tunnel tests. Tests involving var-
iatfons in the form of bow generally were photographed
from ahead of the model in order to obtain indications of
the relative heights ¢f the bow spray; and tests involv-
ing variatiens in the form aft were photographed from be-
hind to record the spray pattern In the region of the tail
extension.

Results and DPiscussion

The results of tre model 84 series tests were reduced
to the usual coefficients based on Froude®'s law to make
them independent of size. In this case, the maximum beaxn
was chosen ax the characteristic dimension, The nondimen-
siconal coefficients are defined as follows:?
Cp load coefficient (A/wbd®)
Cr  resistance coefficient (R/wb®)
Cy  speed coefficient (V/J/ gb)

Cy  trimsing-nomen3 coefficient (M/wp*)

3 draft coefficient (a,;b)

where

A load on water, pounds

w specific weight of water, pounds per cuvbiec fcot
(863.3 for these tests; usually taken as 64 for sea
vater)

b maximum beam, feet

R resistance, pounds

v speed, feet per second
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g acceleration of gravity, 32.2 feet per second per
second

M trimming moment, pound- feet

d draft at main step, feet

Any consistent system of units may be used. The mo-
ment data are referred to the center of moments shown in
figure 1. Tail-heavy moments are considered positive.
Trim is the angle between the base line of the nodel and
the horizontal.

Selection of the }ongitudinal position of the center
of gravity.- The results of the general free-to-trimtests
of medel 84-EF at three fore-and-aft pesitions of the center
of gravity are shown in figure 4. Hoving the center of
gravity from 5.7 inches to 7.2 inches forward of the step
caused a small decrease in trim and a small reduction in re-
sistance. Changing the position frou 7.2 inches to 8,7
inches forward of the step produced a negligible variation
in resistance. At the most forward peosition, the low trim
mads the bow avnpear dirty and the model displayed a greater
tendency teward longitudinal instability. The intermediate
position, 7.2 inches forward of the step, was used for the
rest of the investigation.

Bffect of varving the height of the bow,- Raising the
bow, if the forebody length is kept constant, reduces the
buoyant and hydrodynamic lift of the forebody at low speeds
This reduction results in the decrease in trim at low speeds
shown in the general free-to-trim curves of figure 5. The
decrease in trim is accompanied by a definite increase in
resistance for the higher bows, models 84-BF and 84-C¥. In
the case of the higher bows, the increased convexity of the
buttock lines produces a more blunt entrance into the water,
causes a turbulent bow wave (figs. 8 to 11) to Be thrown
forward, and increases the resistance. The approximate
heights and densities of the spray for the three bows may
be compared in the photographs of figures 6 to 1l. The low
bow, model. 84-AF, representing the smallest departure from
a streamline form, not only has the lowest resistance but
also I's the cleanest running bow.

Removing the chine flare did not change the order of
merit of the bows but accentuated. the increased turbulence
of the high bow, The use of any of the bows without the
chins flare is inadvisable, however, becauge ef the hei h§
and the amount of the spray at low speeds ?figS- 7, 9, fl .
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It must be remembered that the curves and photographs
given were obtained from tests made under relatively smooth
water conditions, If the hulls were tested in rough water,
she low bow would be very dirty because It does not have
sufficient clearance, It is thought, therefore, that a
moderate departure from tho basic form, produced by raising
the bow, would be preferable for cleanness at low speeds
If the forebody was leogthonod at tho same %time the bow was
raised, tho entrance in the water would be loss abrupt and
the spray characteristics would be improved, A higher bow
of this type might be more favorable sven in smooth mater,

Hffect of varying the height of the stern.— A compari—
son of tho resistance and trim curves for three 'heights of
tho stern is made IN figure 12. This investigation was made
by the general free—to— trimmethod because the portion of
tho hull that was varied is completely clzar of tho water
just over the hump spsed. Tho discontinuity near tho hump
speed, whfch is associated with tho clearing of the tnil
from the mater, occurs at a lower speeod as the tail is
raised. Tho maximum resistance |s about the same for the
three models but the speed at which it occurs is lower for
the high sterns.

Below hump speed the model with the low stern, model
84-DF, has the lowest resistance and trim. The decreased
trim indicates that the round tall, which IS wetted at
those specds (fig. 13), instead of producing hydrodynamic
suction actually develops hydrodynamic l1ift, The low trim
is the greatest factor in producing a reduction in tho
resistanco because tho model IS then running at an attitude
nearer tho trim for mininmum wator resistance.

The effect on the spray produced by varying the height
of the stern can be seen by studying the stern photographs
of rigures 6, 7, and 13 to 16. At low speeds, the sides of
the stern of model 84-DF are wetted out to tho tail; whereas
tho sides of the high sterns are relatively dry, Tho photo-
graphs show that the tail extension for tho high sterns is
clear Of tho water at lower spoeds, as was indicated on the
resistance curves, After tho tail extension IS clear of the
water, the modele are all at about the same trim and the
spray patterns are similar,

Although the low stern, model 84-DF, has the lowest
hydrodynamic resistance and is tho nearest approach in the
series t0o a streamline 'form, the photographs show that it
IS impractical bacauso tho deck of the tail, on which the
control surfacos aro attached, is actually subnorgod at
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some speeds and loads. Provision would have to be made to
give the tail assembly greater clearance if this form of
hull were to be used.

Removing the flare from the chines of the models did
not change the relative performance of the tail extensions,

Effect of increasing the angle of dead rise at bow.-
The effect of increasing the angle of dead rise of the in-
ternediate bow, model 84-33, and of the high bow, model
84-CF, is shown in the general free-to-trimcurves (fig.
17). With tho angle of dead riae increased forward, a
slight reduction in the resistance is obtained before the
hump speed, whereas the change in trim produced by this
variation is negligible, With the chino flare removed, the
reduction in resistance was slightly greater, At tbe hump
speed, the portion of the hull affected by this change in
fora is completely clear of the water.

The main effect, of the variation in dead rise at the
bow is the change produced in the flow and the spray orig-
inating at the bow. A comparison of figures 8 with 18,

9 with 19, 10 with 20, and 11 with 21 shows that the finer
entrance (finer water lines) of the hull, obtained by in-
creasing the dead rise, definitely improved the cleanness
of running at lcw speeds, Ianstead of a heavy turbulent
wave being shoved forward, models 84-BF, 84-CF, 84-B, and
84-C, the bow wave IS lighter and most of the water is
thrown laterally, models 84-F¥, 84-CF¥, 84-F, 84-G, The re-
moval of the chine flare probably accentuates this improve-
ment in spray characteristics. The bow of model 84-¥F ap-
peared to be the best in the series,

Eff I i I jead ri | f
body.~ The results of the general free-to-trimtests of mod-
el 84-EF-4 and model 84-EF-6 are compared in figure 22.

The decreasing dead rise aft increases the lift of the after-
bodyoand therefore reducss the trim, A reducticn in trim

of 2° is obtained at the hump. The corresponding reductlen
In resistance i s about 15 percent. HMost of the reduction

in resistance is due to the lower trim,

The effect of angle of dead rise on the afterbody is
shown in figures 23 and 24. Model 84-BF-6 runs a little
cleaner than model 84-EF-4 because of the decreased trim
that tends to bring the afterbedy and tail extension clear
of the water.
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Model 84-EF-6 showed the least tendency toward a lat-
eral instability at low speeds that seemed to be inherent
in the series. In the photographs of model 84-E¥F-4 (fig,
23) at a speed coefficient of ©Cy = 2.33 and a load coef-
ficient of ©Cp = 0.4, a laterally prcjected jet of water,

originating under the afterbody is seen striking the side
of the wake. With the heavy loads, ©€p = 0.6 and 0Cp =
0.8, this jet has a high~enough velccity to bounce back,
hitting the side of the model forward of the stern post.
This flow is generally unsyametsical and causes the model
te swing laterally on the suspension, The instability is
accompanied by a discontinuity in the resistance, With a
decreasing dead rise on the afterbody, model 84-EF-6, the
unsymmetrical flow apparently was reduced and the lateral
instability was negligible.

It is doubtful if this instability is serious, inas-
much as 1t is present in most models with pointed after-
bodies that are tested in the tank. The method of tewing
probably magnifies this characteristic.

Effect ¢f increasing the depth of the step.- At low
speeds, the variation of depth of step has anly a small ef-
fect on either the resistance or the spray (figs. 25 and
26 to 28). At the hump speed with the heaviest load on the
models, increasing the dapth of step from 0.40 inch, model
84-EF-1, to 0.70 inch, model 84-EF-3, resulted in a maximum
increase in trim of about 1° and a corresponding increase
in resistance of approxzimately 5 percent. The greater part
of this change in resistance is due to the change in trim,
This fact is evident if the resistance for model 84-EF-3
i s determined from the general test data (see fig. 40)
using the same trims obtained for model 84-EF-1 1n figure 25

The only visible effect on the spray at low speeds is
the clearing of the afterbody from the water at a lower
speed for the greater depth of step. (See figs. 26 to 28.)

In figure 29, the resistance coefficients at high
speeds for 0.40-inch and 0.70-inch depths of step are com-
pared at attitudeg of the hull (trim =t for minimum water
rgsistance, for 5, and for 6 ) which are practical for the
operation of the hull and presumably can be obtained with
the control moment available at; these speeds. The effects
of increasing the depth of step were similar to those re-
ported in, reference 4. Increasing the depth of the step by
raising the afterbody provides greater clearance and reduces
the resistance.
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In figure 29, model 84-EF-.1, no data are shown for the
light loads at 5° and 6° trim because of a sticking and. ac-
companying vertical instability not present at the trim for
minimum water resistance. A sinilar sticking and instabil-
ity is reported in reference 1. When the trim of the hull
is such that the afterbody keel is nearly horizontal, the
flow from the main step suddenly covers the entire after-
bedy planing surface and the resistance and draft are sud-
denly increased. The flow then changes, permitting the
model to rise again. Often the model jumped completely
clear of the water. The instability did not appear at the
trim for minimum water resistance because the attitude of
the hull was below the range in which the afterbody sur-
faces are parallel to the water. At 2 trim of 8° at 'nigh
speeds, the forebody of the model i s clear of the water for
light loads and the resistance and spray are the same as
obtained when a hull is running on the afterbody orly. In-
creasing the depth of step to 0.70 inch (4.4 percent of
the beam) by raising the entire afterbody apparently re-
moved the tendency toward instability,

It was ¢ifficult to interpret the sticking and insta-
bility in terms of full-scale performance becauss no at-
tempt was made to obtain dynamic similarity. The mass mov-
ing vortically included the hcavy model, the towing gate,
and counterweights uced for adjusting the load on the model.
The nodel was also being towed at fixed trims and any
changes in moment had no effect on the attitude of the hull.

Later experience with dynamic models indicates that
the depths of step used in ths series were too small for
present-day take-off speeds. Depths of step from 6 to 10
percent of the beam are now considered necessary to avoid
dangerous instability at high-water speeds induced by the
sticking observed in the present testa.

Effect of angle of afterbody keel.~- A comparison of

the low~speed performance for three angles of afterbody
keel is presented in figure 30. As the angle of afterbody
keal is increased, the buoyancy and the hydrodynamic Lift;
of the afterbody s»rc roeduccd for any gefinite trim. To
compensate for this decrcase in lift tho model tends to
assume a higher trim. At very low speeds, this increase
intrim is small and the changa in resistance is negligi-
ble. The maximum effect is found at the hump speed at

which an increase in angle of afterbody keel of 33 caused
a maximum increase in trim of about 4% and an acccmpanying
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increase in free-to-trimresistance of about 25 percent.
Most of the increase in resistance is due to the change in
trim, the highar trim causing a greater departure from the
trim for minimum water resistance.

The spray photographs for the variations cf angle of
afterbody keel are given in figures 23, 26, and 31. With
the high angles of afterbody keel, the roach from the after
planing surfaces continues to strike the tail extensions
at slightly higher speeds. The greater clearance provided
by the high angle of afterbedy keel causes the afterbody to
come out of the water at a lower speed. From observations
and photographs i1t is concluded that at low speeds the model
with the low angle of afterbedy keel, model. 84-SF-1, was
the cleanest running.

In the investigation of the effect of this varlatlon on
high- speed performance, angles of afterbody keel of 5.50°
and 7.25° were used. Using a higher angle is not advisable
because i1t obviously causes too great an increase in the
hump resistance. The results of the testa are compared
(fig. 32) at the trim fer minimum water resistance and at
5° and 6° fixed trim., The ssme conclusi.uns may be drawn.
from these tests as were reported in reference 5. By in-
creasing the angle of afterbody keel n greater clearance 1S
obtained for the afterbcdy and the area of the after-
planing surface struck by water from tho main step is re-
duced.

Comparison of the curves showscth%t a greater glffer—
ence in resistance is obtained at 6 +trim than at trim.
A gzreater difference is also cbtained at 5° then .t the
trim fqr minimum water resistance, which is generally lower
than 57 . The higher trims cause the afterbody to approach
the horizontal and consequently to be in a position to be
wetted by the flow from the main step. The model with a
higher angle of afterbody keel in combination with a shal-
low stcp displayed the same vertical instability noted in
the investigation of the effect of depth of step. The an-
gle at which tho instability occurs is changed to correspond
to the angle at which the afterbody keel is parallel to the
water surface. TFor model 84-E¥-4 with a 7.25° angle of
afterbody keel, this |nstab|I|ty first appearedofor a load
¢f Cp = 0,05 at a trimof 7?°." At a trim of 8 Cp =

0.10 was also unstabge. The vertical metion was very
slight at a trim of 3

These tests indicate that an angle of afterbody keel
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from 5° to 7% is the most suitable compromise for satisfac-
tory resistance at the hump speed and at planing speeds

A form of hull with a dacreasing dead rise on the afterbody
in combination with a higher angle of afterbody keel. as in
model 84-EF-6 might be used. This combinaticn would improve
the resistance at the hump and automatically maintain in-
creased. clearance of the afterbody for good high-speed per-
formance.

Bffect of the addition of c¢chine flare.~ INn crder to Iin-
vestigate the effect of the chine flare, the original mod-
els were tasted with the flare romoved. The results of the
general free-to-trim tests are summarized in figure 33, and
the effect of the addition of chine flare on the spray
characteristics is shown in figures 15, 16, and 26,

In figure 33 a comparison is made of the effect of add-
ing chine flare to the forebody alone, model 84-EF-1, and
to both tho ferebody and afterbody, model 84-EF, The fol-
lowing comparisons are made with model 84-%, on which %he
flare was removed. , The addition of the chine flare on the
forebody alone resulted in a small increase in trim before
the hump, the resistance remsining about the same. At %the
hump, the effect on either the trim or the resistance IS
negligible. The influence an the spray characteristics
was very masked. It 1S difficult to determine the effect
of the flare on the spray from tiae stern photographs (figs.
16 and 26). At speeds near the hump, the model without the
flare has a higher and more dense bow blister. The cbser-
vations indicated, however, that a chine flare on the fare-
body is desirable throughout the low-speed range. This
conclusion is similar to that drawn from the results of
tests reported in reference 6, fox corresponding widths and
angles of flare. The addition of chine flare to both the
forebody and afterbcdy, model 84-EF, not only improved the
spray characterigtics but also caused a decrease in trim
at the hump of I and a decrease in resistance of 8 percent.
Most of the change in resistance is due to the reduction
intrim, The presence of the flare cn the afterbody in-
creases the lift of the afterbody and causes the hull to
assume a more favorable attitude. The photcgraphs (fig, 15)
show the spray and the wave form, The chine flare on the
afterbody apparently has little effect on the spray produced
by the afterbody. The curves (figs, 5, 12, and 17¥ show the
same reduction in trim and resistance. The bow photographs
(figs. 6 and 7, 8 and 9, 10 and 11) may be compared to see
the affectiveness of flare on hoth forebody and afterbody
in controlling the spray.
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The relative effect of the flare on the afterbody at
high speeds may be seen by comparing the fixed-trim tests
of model 84-~4F and model 84-BF-1 (fig: 34). These models
are similar except for the tail extension which does not
affect the performance at high speeds. The effect of the
flare on the afterbody at planing speeds is %o increase
the resistance,

Lffect of the addition of a third planing surface,-

In order to investigate further the effect of the flow
around the stern, a planing surface with sharp chines was
added. to the original round tail. The results of the gen~
eral free-to-trim tests are given in figure 35. The effect
of adding the chinos and the planing sarface to the tail,
model 84-9, is small, indicating that the rcunded tail,
model 84-1), produces no tendency toward sticking. There is
a negligible decrease in trim just before the hump if the
third planing surface is added. The discontinuity at the
hump, associated with the clearing of the tail from the
water, occurs at a higher speed for model 84-H with the
added planing area.

The photographs (figs. 14 and 36) show very little
differencec in spray for the two models. The amount of
loose wa%er thrown vertically, when tho rcach strikes the
tip of the tail, is greater for the round tail. With a
low afterbody this effect may be very important, The water
striking the tip of the tail seems to have no effect on
the trim.

Lffect of ckines on the_bow.- The general free-to-
trim results with the chines on the bow, model 84-8, and
with the chines rounded, model. 84-J, are presented in fig-
ure 37, Although tha chines on the bow have little ef-
feet on either the trim or the resistance, the phciographs
(figs. 7 and 38) show very large differences in the spray.
Instead of having the spray deflected downward, the model
with rounded chinos has a large amount of loose water
thrown up and forward. These photographs indlcate that a
fading cut of the chines at the bow is definitely undesir-~
able even in smooth water.

Degign charts.- Cecmplete data for model 84-EF-3 are
presented for design purposes. The detailed general free-
to—trim curves are included in figure 39. The results of
the fixed-trim tests are presented in the form of charts
(fig. 40), The use of these charts is explained in refer-
ence 1. The trims and drafts at rest, ccvering a practical
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range of loads, are given in figure 41. Typical spray pat-
terns at high speeds near the trim for minimum water resist-
ance are shown in figure 42, The low-speed photographs are
presented in figure 28. Because of the large amount of
other data presented in this report, corresponding design
data fcr models; 84-EF~-4 and 84-AF have been omitted.

AERODYNAMIC TESTS

Apparatus and Methods

Apparatus.- Seven cornbinations of the BACA model 84-
series flying-boat hulls were tested in the NACA 8-foot
high-speed tunnel and measurements of aerodynamic drag,
lift, and pitching moment were made. The present tests
were primarily concerned with the drag, For purposes of
comparison, similar data were obtained by testing three
streamline 'bodies from which the hull. shapes were derived.
Figure 3 illustrates the various combinations aercdynam-
ically tested.

Tws vertical streanline struts supported the models
and those struts, which were attached to the balance ring
of the tunnel, were braced laterally by additional struts.
Fairing enclosed the forward vertical strut for most of its
length and completely shfelded the lateral brace. Pitch-
angle changes were obtained by pivoting the model at the
front strut and then raising or lowering the rear strut as
desired, Figure 43 shows a streamline model and its sup-
porting struts in the wind tunnal. Figure 44 illustrates
the method of supporting tho model by wires for tare runs
in such a way that the model was supported in place without
touching the struts.

Methodg.-~ Aerodynamic measurements of drag, lift, and
pitching moment were made at 260 miles per hour for a range
of pitch angle « from -4° to 12° in increments uf 4°
The base line used for pitch~angle measurements was that
defined in Description of Models. From thase data, the
angle of minimum drag was determined.

With tho model set at the angle cf minimum drag, force
measurements were made at velocities from 100 to about 420
miles per hour and at a Beynolds number of 30,000,000 based
on fuselage length, data being <btained at eight different
velocities. This investigation is tho only one of its type
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in which data were obtained at such high speeds, through
and above the actual speed range encountered in flight, and
at such large Reynolds numbers.

Tare runs were made with the pla(ijn and warped stream-
line bodies. At the pitch angle of 0", force measurements
were made for velocities from 100 to 420 miles per hour; at
a constant speed of 260 miles per hour, similar measure-
ments were made for various pitch angles from -4° to 12°.
The tare force values thus obtained with streamline bodies
were used, with the hull-model data, these force values be-
ing int¢rpolated and extrapolated when necessary to deter-
mine the taro forces on struts fc¢r tho different minimum
pitch angles at which the hull models were tested.

Precision

Tho errors that affect the absclute accuracy of the
drag results can be divided into accidental errors and
systematic errors. The accidental errors are the only-
ones that affect comparative results and are indicated by
the scatter of the tare results plus the scatter of re-
sults. The sum of these variations is of the order of 2
percent of the drag.

The systematic errors consist of horizontal buoyancy
and tuanel-wall effects. Borizontal-bucyancy ccrrect Eons
ranged from 5.5 to 6.5 percent of the minimum drag. These
corrections were made, NoO tunnel-wall corrections were
made 'out the constriction correction, which is probably the
greater part of the total correction, would be about 2.4
percent, consequently, the eorror due to wall effects was
probably less than 3 percent.

Tho errcrs in lift coefficient C; and pitching-moment
coefficient Oy for comparative purposes would best be in-
dicated by thec point scatter and are *0,003C; and +0,001Cy.

Results and Discussion

The aerodynamic force measurements, except as may bo
noted ctherwise in the figures, were made with fixed tran-
sition that was produced by placing a ring of carborundum
grains 5 percent aft of the bow. In this way, air- flow
conditions were preduced that approximated the actual con-
tions at full-scale Reynolds numbers (figs, 43 and 45).
(S8ec reference 7.)
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Drag coefficients based on both maximum cross-sectional
area and (volume)2/® of models are presented. The coeffi-
cients and. symbols used are as follows:

D D _
q(volume)

CDA drag coefficient based on maximum cross-sectional
area of model

a2/3
CDV drag coefficient basad on (volume) of the model

D drag of modal, pounds
. 1l .2
q dynamic pressure, pounds per square foot (:gpv >
A maximum cross-sectional area of model, square feat

and the volume of the model i s measured in cubic feet,

Lift and pitching-noment coefficients are based. ¢n

(volume)®/3 ¢ models.

o . Lift
L= 2/3
q(volume)
and
MC
O = a/s
aql(velume) )
where

C1, lift coefficient

Cy pitching-moment coefficient

Mg moment about point of intersection of base line and
line perpendicular to base line passing thrcugh
axis of rotation, inch-pounds (See fig. 3.)

1 model length, inches

The data are presented as curves of drag coefficient, at
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the angle of minimum drag against the Reynolds number R
based an hull length. Drag-coefficient data as well as
important dimensions of the models are given in table V.
Lift and pitching-moment coefficients are plotted against
pitch angle for a velocity of 260 miles per hour

Varying the height of tail of the streamline models
had no effect on the value of the minimum drag coefficient,
but an incrsase in height of the tail increased the angle
of minimum drag as would be expected (fig. 48).

Increasing the depth of the plain streanline body by
the addition of an 8-inch spacer block decreased the mini-
mun drag coefficient, based on area, by about 5 percent;

but, vased on (voiume)®’®, the minimum drag coefficient

increased about 6.5 percent (fig. 47). The reason for this
variation may be readily secen when the figures for the area

and (volume)2’/3 for spacer with nose 1 and tail 1 sre com-
pared with correspending values for nose 1 and tail 1 with-
out the spacer, (See table y.) The incresse in (volume)2/3
with the spacer is not so sreat as tho increase in cross-
sectional area; the drag cocfficient based on area. is
therefore gsmaller than the drag coefficient based on

(volume)a/s.

Increasing the height of bow of the hull models in-
creased the minimum drag coesfficient; the value for the
high bow was 4 percent greater than the value for the low
bow, whereas bow 2 showed only slight incrsases in the or-
der of 1 or 2 percent. These results indicate that hydro-
dynamic characteristics will probably be the deciding
factor in the choice of bows. An increase in the height of
bows shows a corresponding decrease in the angle 0of mini-
munt drag (fig. 48).

In figure 49 it is ghown that increasing the angle of
dead rise at the bow had little or no effect on the mini-
mum drag or angle of minimum drag. This result indicates
that bows with greater angles of dead rise nay be used
with no detrimental effects to air drag.

Increasing the height of the stern of the hull models
increased the drag coefficient; the minimum drag coeffi-
cient, based on area, for bow 1 and stern 4 was about 19

percent greater than the corresponding value for bew 1 and
stern 2 and, based on (volume)ava, abOut 17 percent greater
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(f1g. 50). Bow 1 and stern 3 showed an increase in minimum
drag coefficient over that for bow 1 and stern 2, baaed on

a’s
area, of 7 percent and, based on (volume) , 0f about 6.5
percent. In view of the fact that the variations in tail
height of the warped streamline bodies caused no changes in
the magnitude of the drag of these bodies, as previously
noted, the increasesin drag cf the hull models, due to
changes in tail height, are apparently slue to the larger
pointed afterbody sections which accompany the higher tzil
locations and are not directly due to the changes in tail
height. Hartman's tests (reference 8) substantiate this
point by showing largs drag differences between two hull
models, models 36 and 40, which differed mainly in that one
hull had a large afterbody, vvhereas‘tho other cne did not.

Increasing the depth of step 75 percent incrcased the
minimum drag coefficient by only 2 percent and had no cf-
fect on the angle of minimum drag (fig. 51).

The lift and the pitching-monent data are presented
in figures 52 to 54. In the application of these data %o
tho design of flying boats, it must be remembered that
these data apply for the hull alone and do not include in-
terference effects of the wing and other parts.

In résumé, increasing tho height of tho bow, the angle
of dead rise at the bow, or the depth of step of the hull
models did not produce any great changes in drag. Increas-
ing the height of stern, however, produced relatively large
changes in the drag with indications that those changes
were mainly due to the effects of the pointed afterbody.

COMCLUD I¥G REMARKS

The small effects on the drag coefficient of the vari-
ations in the form of bow tested indicate that the method
used in deriving the lines results in a satisfactory aero-
dynamic form of bow over a wide range of height of bow.
There is 1ittle evidence of significant increases in drag
resulting from cross flow uver the chines at the bow even
in the case of the greatest departure from the basic form,
It is inferred from tho results thnt sufficient chine flare
to control the bow wave at low speeds would have a negli-
gible adverse effeat on the drag; likewise, fading out the
chines at the bow would have only a small favorable effect.
With the correct form and location of chine, an increase in
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dead rise forward by dropping the keel line also has a neg-
ligible effect cn drag,

The photographs of the bow waves at lew speeds indi-
cate that chine flare and increased dead rise at the bow
are Adefinitely desirable for cleanness of running even in
smooth water. Rounding the chines at any point likely to
be wetted in service appears very inadvisable. When all
the factors are considered, bow 2B with chine flare is the
most suitable for the hull loadings investigated. various
alternatives in form of bow appear to be possible witheut
large increases in drag, provided that close adherence to
the streamline body is maintained and the chines &re cor-
rectly located.

The raising of the streamline body aft has no effect; on
the drag but, when the hydrodynamic surfaces xre added,
there IS a large adverse effect. The most suitable compro-
mise anong aerodynamic, hydrodynamic, and structural re-
guirements is more difficult to obtain. The tail surfaces
must in any case have sufficient clearance to avoid exces-
sive damage from spray. Because, when used with a pointed
aftertody, the low tail is aerodynamically and hydronamic-
ally better except for the decreased clearance, the Ttest
compromise might be to use the low tail with a pylon to
carry the aerodynamic surfaces

The increase in the drag of the hulls over that of
the streamline body is attributed mainly tc a strong dis-
turbance of the streamline flow caused by the afterbody
volume external %o the basic form, For this reason, it is
inferred that small changes in form, such as the addition
of chine flare or decrease in the angle of dead rise near
the stern post, would have little effect oan the ais flow
over the after portion or on the drag of the hull. On the
other hand, these small changes result in a pronounced de-
crease in water resistance at the hump speed and in only a
small adverse effect on the water resistance at high planing
speeds; they therefore appear to be over-all improvements
in form if structurally feasible.

Because of the small increase in aerodynamic drag
caused by increase in depth of step and the masked hydro-
dynamic instability resulting from too shallow a step,
it appears inadvisable to attempt to obtain appreciable
reductions in drag by this means, particularly when the
take-off speed is high. The effect of small changes in
depth of step on water resistance can be neglected. Far-
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ther investfgations using a free dynamically corract model
are required to determine the minimum allowable depth of
step for a given hull, and these investigations would have
to be correlated with full-size behavior to be of practi-
cal value. 3Before this is done, a minimum depth of step
of at least 8 percent of the beam should be ugsd for the
hulls of the series.

The angle of afterbody keel has a large effect on the
trim and water rasistance at the hump speed and 1t must be
fairly low to control properly the trim at this stage of
the take- off. Unfortunately, it was not possible to obtain
its effect on the aerodynamic drag cf the series because of
the limited. availability of the high-speed tunnel. In the
case of model 11-4 (NACA T_B. ¥o. 525), an increase in an-
gle of afterbody keel resulted in an increase in drag,
presumably 'because, of increased turbulence behind the step.
In the case of the NACA 84 series, however, there is the
possibility that a higher angle of afterbcdy keel. would
decrease the interference with the flocw over the streamline
body, whiech would have a favorable effect. A& further in-
vestigation of this effect is desirable,

Tho present method of e¢btaining low-enough hull drag
for long-range seaplanes is by reducing the beam and fron-
tal area, This procedure results in high beam loadings and
excessive spray, which lead to higher positions of the
wings and engines and a high position of the center of
gravity. The epray and hydrodynamic stability then become
important limitations of the take-off weight and the pay
load.. Consideration should therefore be given t0 methods
of obtaining low drag by aerodynamic refinement while re-
taining the more moderate beam loadings, Thes present in-
vestigation indicates that the aerodynamic drag coefficicnt
of a planing type of hull need not bo more than 25 percent
greator than that of ths body ¢f revolution from which it
is derived, This differential might be reduced by the do-
velopment of a form of afterbody that has less influencs
on the streamline flow over the after portion of the basic
form than does the conventional pointed type.

Langley Memorial Aeronautical Laborstcry,
National Advisory Committee for Aeronautics
Langley Field, Va.
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NACA

TABLE IV. - NACA MODEL 8l SERIES

Model | Bw |[S8tern Description

3l -0 liose 1|1'ail Basic body of revolution
3l -1 liose 1|T'ail Same with depth increased

L-A 1 3 Lov bow, intermediate stern
Bl -AF 1 3 Same with chine flare
BL.-B 2 3 Intermediate bow, intermediate stern
BL-BF 2 3 Same with chine flare
8L-¢ 3 3 High bow, intermeaiate stern
8L-CcF 3 3 Same with chine flare
&A1 1 2 Low bow, low stern
84-DF 1 2 Same with chine flare
4 1 by Lov bow, high stern
8L-EF 1 L rSame WitR chi_ne Hare
[ came with chine flare o
8L~EF-1 1 4 iL 'forebogﬂ only, block : ;
[Same as -EF-1 except depth o
gﬁ"E?"Z 1 ﬁ [ step increased, _blopcks ED
B sana S SR S angle
gt'gf')"' §|I__ ﬁ { of afterbgdy keel Increased,
~EF-5 blocks L4LF and LG, respectively
'Same as 8-EF-L, block L® except
8l ~EF-6 1 4 { angle of dead rise decreased
on afterbody, block

_ [Same as 8L,-B except angle of
84-F 2B 3 QE dead rise incre:fsed gt bow
84-m 2B 3 Same with chine flare

Same as 84-C except angle of
-G 5B 3 { dead rise incregsed gt bow
84-GF ZB 3 Same with chine flare

- 8 8LL-D except third planin
84-6 1 2¢ { a?ﬁr?écehadded ohitail’® P g

_ Same as 8li-A except chines
Bl-g LA 3 iE roundedLat bow g
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NACA
TABLE V. - BASIC DIMENSIONS AND MINIMUM AERODYNAMIC DRAG
CHARACTERISTICS OF STREAMLINE AND HULL MODELS
Model Dimensions Coefficients
Ar Min. Min. |pitch
Bow| Stern A 2’°1“§.‘§) (Volume)2/3| Cp, | CDy |angle
(sq rt)| ¥ (££2) (1) | (2) |(deg)
Streamline bodies
1 1 1.382 | 8.042| L.0139 |0.0808|0.0278| o
1 3 1.382 8.042 L.0129 .0808} .0278| L
1
1l 1
Plus 8'| 2.262 | 1L.245| 5.876L .0767| .0296] 0
spacer |
Hull bodies
1 2 1.468 8.56l L.1859 10.0909|0.0319| 0.6
1 3 1.1,68 8.663 L.2180 09731 .03L0' 2
2B 3 1.468 8.7L7 L.2,453 .0980| .03L0; O
2 z 1.468 8.663 L,.2180 .0980| .0341{ O
3 3 1.468 8.663% L.,2180 .1010{ .0353| ©
1 L ] 1.468 8.765 L.2511 .1084| .0373| 3.1
1 LE 1.468 8.704 L.2317 .1106| .0%82| 3.1
1 =2
p, = qA
2, = D
DV q(*volume)zZg
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NACA Fig, 2f

— = Chine, no flare
— — Chine with flare} Stern ¢

- - - Stern 2C

Base line

5
v

\
\
\\<13 ,Basic form
N\
~
1

gl

(f) Sterns 2 and 2C.
Figure 2.~ Continued.
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NACA Fig. 29

Chine, no flare
. —Chine with flare ¢-

13,BRasic form

P
ALLIL

(g) Stern 3.
Figure 2.- Continued.
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Chine, no flare
- — Chine with flare

Base line
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28

27

26

25
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Fig. 2h
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\}3, Basic form

(h) Stera .
Figure 2.- Conciuded.



NACA Fig. 3

Nose 1 I ——=> Tail 3
< — :/’;:// Toil 1

Nose 1 4 Tall 4 /\ .
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N
._!1 Basic Streamline Shapes
f—— - 14.85 ——— - —]
50.10° 33.23" 31,52
FIR 10 5} 21 AR

%q} % HH JJ/:KLBEB@'

Basic_form and plan of all models
-—5.67"/Cenfcrof rotation-all modele

Bow 3 A Stem 3
Bow 2 D _—
Bow { F¥ ¢ —

o)

«i

Cenier of moments all models
Height of bOW No chine flare.

— ——+ Stem 4

+ Stern 32
Bow 1 ‘g% _ Stern 2
3
o ]
«

04
1056~

T

Height of stern, NO chine flare

PN ll I | —>—>5tern 3
BOW. @ = _—

s«:}Bow B —— F— -

Angle of deadrise at bow. Medium bow.
No chine flare

A—l. /7-Sfem 4
oot — | ?‘j?ﬂ@;/ m—'

Depth of step. No chine flare

‘o
3B
Sect A-A

Fig 3.~ Lines of NACA Model 84 Series,
snowing form tested in wind tuanel.
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Resistance Coefficient, cm
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Fig. 4

Load Coefficient, Cp=.8

.
.08 _
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2 N 2
C.G. forward of step, in.
— — 5.7
.0'4' i 7'2
b —— e - 807
a2 414
--12
0108
N
68
&
- U
- 2
1 1 ] ] |
0 0.5 10 1.5 . 2.5 3.0 35 4.0 4.5
SpeegD Coefficient, Cy
Figure 4 .-Effect of longitudinal position of the center-of-gravity. Model 84EF,
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NACA Fig. 20a

. Model 84GF, Bow 3B, Stern 3,
With chine flare.
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Figure 22 .“Effect of decreasing angle of deadrise on afterbody,
M0 in. depth of step; 7.25 deg. angle of afterbody keel. Chine flare
on forebody only.
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